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CELLULAR ASPECTS OF IMMUNOLOGY AS MANIFESTED IN THE
SIMONSEN REACTION
Immunology has traditionally been concerned with two central topics-
immunity against pathogenic microorganisms and the nature and properties
of antibodies. Both of course are, and will remain, immensely important but
at the present time there can be little question that the problems of the
origin, nature, and behaviour of the "immunologically competent cell" pro-
vide the centre of current interest in theoretical immunology. There are five
sets of experimental findings that are chiefly responsible for that interest
and which lay down the lines on which modern theories of immunity have
been developed.
They are:
i) The fact that in a child with congenital agammaglobulinemia who can.
not produce any type of conventional serum antibody, measles infection runs
a normal course and is followed by specific immunity against reinfection1.
ii) Algire's evidence that homograft immunity is mediated by cells not
antibody2.
iii) Evidence by Coons et aP., White', and others that the cells responsible
for antibody production are plasmacytes (immature or mature) which are
present in clone-like accumulations. In at least the great majority of cases
they produce antibody against one antigen only.
iv) The fact that a wide range of immunological capacities can be trans-.
ferred by cells but not by serum from an actively immunized animal to a
normal recipient. These include the capacities to show delayed hyper-
sensitivity, to produce antibody on secondary challenge, and to protect
animals whose resistance has been destroyed by irradiation.
v) The phenomena of autoimmune disease point strongly toward the
interpretation that tissue damage is due to pathogenic cells not to the direct
or indirect action of antibody.
Immunology has perforce been largely concerned with antibodies because
of the ease of recognising, handling, and titrating antibody. The evidence
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for the existence of immunologically competent cells is, in fact, nearly al-
ways obtained indirectly from antibody measurements of one sort or an-
other. Particularly for the further study of the autoimmune disease, but also
because of its bearing on the general theory of immunology, one of the
major present-day needs is to find ways of recognising immunologically
competent cells according to their specific reactivity-in a fashion analogous
to the way that a solution of gamma globulin can be identified as, e.g. an
immune agglutinin. To date the only way of doing so has been to use
Coons' fluorescent antibody "sandwich" technique, or some analogous
method using a highly recognisable antigen. By these methods it has been
possible to show what type of antibody a given plasmacyte was making,
the reactions being essentially those of a rather large concentration of anti-
body molecules held in some fashion on the cell surface.
The chief interest of the experimental work I wish to describe is that it
may represent a step toward the functional analysis of a population of
mesenchymal cells in terms of specific immunological capacities. For the last
few years work on the Simonsen phenomenon, i.e. the production of lesions
in chick embryos after inoculation of mature blood or spleen cells from
the same species, has been studied by a series of workers in this laboratory*.
The present account makes use of contributions by all of these workers
but the interpretation offered is a personal one.
The essentials of the phenomenon can be presented by considering a
single experiment which has already been reported and illustrated'. Using
a closely inbred strain of fowl, four embryos in eggs laid by one hen were
inoculated on the chorioallantoic membrane (CAM) with blood leucocytes
from the cock used for artificial insemination. The four membranes showed
respectively 203, 110, 0, 0, opaque white foci when they were harvested four
days after inoculation. Related experiments with the same stock of birds
indicated that the cock in question could be designated genetically CC and
the hen as BC. Both CC and BC offspring would be expected and the result
is interpreted as representing 1:1 segregation. CC leucocytes on CC
membrane produce no lesions, on BC membranes containing an antigen
not represented in the donor 100-200 lesions were produced.
The focal lesions average about 0.5-1 mm. in diameter and are easily
counted with the naked eye. Their histological structure has been described.
Essentially they are composed of embryonic host cells, most of which in
the early stages result from local proliferation but later include many cells
from the blood. In addition there are less numerous cells with some
* The workers include Peter Isacson, Georgiana Boyer, F. M. Burnet, Patricia
Lind, Alexander Szenberg, Noel Warner, and Deborah Burnet.
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resemblance to plasma cells which we have provisionally identified as
descendants of the initiating donor cells. The pathogenesis of the lesion is
interpreted as follows: An immunologically competent cell from the adult
chicken blood reacts with the foreign antigenic determinant present in the
embryonic tissues to release pharmacologically active material which can
stimulate adjacent host cells, epithelial and vascular endothelial, to pro-
liferate irregularly. It is not established whether the same agents stimulate
the donor cells to proliferate or whether these have an intrinsic ability to
do so in the embryonic environment. In any case with proliferation of the
immunologically competent cells new contacts with the foreign antigenic
determinant stimulate further proliferative activity and eventually the lesion
becomes a dense mass of pyknotic and dehydrated cells. Movement of
descendant donor cells can give rise to new lesions, either local satellites or
distant "metastases", particularly in the embryo's spleen.
In this experimental system we have an indication of the immunological
potentiality of single cells and our central interest has been to attempt an
analysis of the qualities of the cells responsible for the initiation of specific
foci. It is not possible to isolate a single cell and show that it is responsible
for the initiation of a lesion but all our experience plus the analogies of
many basically similar types of biological quantitation, is in line with the
interpretation that one cell can induce a focus. Since only a small propor-
tion of cells actually initiate foci, information about their essential qualities
must be gained indirectly and in the next section a summary is given
of the relevant experimental findings.
PROPERTIES OF COMPETENT CELLS
1. Histological type of cells in blood. Szenberg and Warner7 have made
extensive studies of the relation between the number and type of leucocytes
in the blood and the focal counts obtained on membranes of randomly bred
chick embryos. In agreement with earlier estimates they found about one
focus per 20,000 leucocytes but when differential studies were made a
relatively close correlation emerged between the count of large (immature)
lymphocytes and the median number of foci. The ratio was around 2500
large lymphocytes per focus and it is noteworthy that on rare occasions
individual membranes appeared to indicate that as few as 100 large
lymphocytes-in one instance 40-could produce one focus. These results
make it reasonably certain that a competent cell in the form of a large
lymphocyte is more likely to produce a focus than if it is a small lymphocyte
or a granulocyte and it may well emerge that the large lymphocyte is the
only effective cell. It is equally evident that there are substantial differences
209YALE JOURNAL OF BIOLOGY AND MEDICINE
in the "plating efficiency" of the process from one embryo to another. In
random embryos this may be due in part to genetic and antigenic variability
but even in the example quoted earlier, two embryos of identical genetic
quality gave a twofold difference in the counts of foci. A point on which
considerable emphasis should be laid is that if the large lymphocyte is the
only type of cell which is effective, the minimum number of cells which can
produce a focus is considerably smaller than would be expected on any
unsophisticated clonal theory of immunity.
TABLE 1. DEVELOPMENT OF COMPETENCE TO PRODUCE Foci WITH AGE
Median counts Foci from
No. Leucocytes Negative of foci from spleen sus-
Age tested xlO'/ml. membranes individual bloods pensions
19 d. embryo 3 1.5-2.6 22/22 0
Hatched chickens
12 hours ± 4 0.6-2.0 22/22 0
24-30 hours 7 0.2-1.0 27/53 0.3X* 0.3, 1.0, 1.1, +
1.3, 1.4, 1.5
2 days 2 0.4-0.6 5/16 0.6 7.5 +
3 days 3 1.4-2.3 3/29 8, 10, 10
4 days 3 1.3-5.2 2/30 2.5,5, 10
6 days 2 2.0-2.2 1/22 5, 6
* Counts below 2 are from series with a proportion of negative membranes and
are means.
2. Activity of cells from lymphoid organs. Spleen cell suspensions from
grown chickens produce foci similar to those obtained from blood leucocytes.
If the large lymphocytes are accepted as the significant cells, they have ap-
proximately one-fifth the activity of similar cells in the circulating blood7.
One focus is produced per 10,000-15,000 large lymphocytes from the
spleen. The few foci produced with suspensions of lymphoid cells from
thymus or bursa of Fabricius could be ascribed to a small contamination
with blood cells. If the large lymphocytes from these organs are effective at
all it must be at a very low level.
3. Maturity of cells. Embryonic blood or spleen cell suspensions give no
foci on the CAM of unrelated embryos but the capacity develops very soon
after hatching. Results obtained by D. Burnet on this point are shown in
Table 1. Virtually full competence is obtained by the third day after hatch-
ing. Since in all experiments normal untreated birds are used as donors of
competent cells, there is an a priori assumption that no previous immuno-
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logical experience of the donor is relevant. The fact that cells from chickens
less than a week old are effective reinforce the validity of this assumption.
4. Rapidity of initiation of the lesion. In a responsive membrane lesions
can be seen macroscopically at 44 hours after inoculation and histological
examination of two, three, and four day lesions makes it necessary to
assume that the process is initiated very soon after the effective cell has
lodged on the CAM. If each cell generation requires eight to twelve hours
there is only just enough time to account for the observed accumulation.
5. Immunogenetic aspects. Evidence has been published that when blood
from a grown bird genetically identical with the embryo is placed on the
TABLE 2. ACQUIRED TOLERANCE OF AN AA CHICKEN INJECTED "IN OVO" WITH
EMBRYONIC CC CELLS AS SHOWN BY TESTING BLOOD TAKEN AT 12 DAYS
AFTER HATCHING ON CAM's OF KNOWN GENOTYPE
Genotype of test embryos Focal counts
AA 0,0,0
CC 1,1,0,0
AB 16
Random ++,13
++ Lumpy uncountable lesion.
membrane no foci are produced8. Experiments in progress (D. Burnet) have
shown that when 16 day embryos of AA genotype received, intravenously,
a pool of cells from CC embryos of similar age, tolerance is produced.
Blood from such a chicken taken 12 days after hatching gave the results
shown in Table 2.
Limited experiments with randomly bred and pure line chickens inocu-
lated with chick embryo cells have given no evidence to suggest that the
number of competent cells in the blood can be increased by such attempts
at immunization.
In comparing results obtained with pure line cells on randomly bred
embryos as against the counts on embryos differing from the donor by a
single genetic (antigenic) factor, no significant difference was evident in
the median counts.
6. Action of Colchicine. Our hypothesis of the action of the cells con-
cerned in initiating the CAM lesions is that very shortly after lodging on
the membrane they begin to proliferate. It might be expected therefore that
if the completion of mitosis were prevented by treatment with colchicine, the
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number of foci would be diminished. In unpublished experiments by D.
Burnet', heparinized chicken blood was treated with graded doses of
colchicine in lightly buffered saline containing antibiotics for one to two
hours at 37°. The cells were then washed in saline and inoculated in a series
of embryos. The results are shown in Table 3. Using a dose of 0.01
mg./ml., no significant difference was found between the effect at one hour
and two hours. There is a significant reduction in focal count therefore on
exposure of the cells to quite small concentrations of colchicine.
7. Passage of competent cells. It has been shown that by appropriate
treatment, cells capable of producing foci on a new CAM can be extracted
TABLE 3. AcrIoN OF COLCHICINE "IN VITRO" ON COMPETENCE
OF CHICKEN LEUCOCYTES
Concentration of cholchicine (mng./ml.) Time of exposure Median focal count
0.01 1 hour 5.1-
0.005 1.5 9.2=
0.001 1.5 10.3"
0.0001 2 14.2'q
Control 28.018
Superscripts show number of membranes counted.
from the four-day CAM lesions'0 but it is technically much more satisfactory
to carry out passage experiments using cells from embryo spleens. Follow-
ing inoculation of adult blood and lesion production on the CAM, the spleen
will usually show lesions by seven days but most of our passage experiments
were initiated by intravenous injection of blood leucocytes and continued
by the injection of spleen cell suspensions by the same route. At each stage
focal counts on the CAM were obtained for the inoculum used intra-
venously. With five day intervals, first passage of the primarily infected
spleen gave large numbers of foci with a characteristic variability in size;
with subsequent passage, the number and size of foci diminished and no foci
were obtained after the fourth. Experiments of this type have so far been
confined to randomly bred embryos.
When pure line donors are used it is possible to show that changes in
the qualitative competence of the cells take place with a single passage.
With the stock available in 1959, about 50 per cent of A type leucocytes,
tested on embryos of the corresponding line, gave zero counts. If such
leucocytes were injected intravenously into a randomly bred embryo and a
cell suspension from the resulting splenic lesion tested on pure line embryos,
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100 per cent of the CAM's showed lesions'. If the competent cells in the
spleen were actually descendants of the donor cells, they had lost their
inability to produce lesions on genetically identical embryos. From both
points of view therefore it is clear that passage results in changed characters
for at least a proportion of the descendants of the initiating donor cells.
THE INTERPRETATION OF THE SIMONSEN PHENOMENON
The Simonsen phenomenon is a typical example of a graft-versus-host
reaction and its interpretation must follow the pattern for similar mam-
malian phenomena. The fact that single cells are by implication concerned
may make it simpler to see the general significance of the graft-versus-
host reactions for immunological theory.
In the discussion we are concerned only with the process by which
immunological activity, in this case lesion formation, is initiated by a single
cell. The possibility that we are not concerned with activation and prolifera-
tion of a single cell as the initiating process will be regarded as too remote
for serious consideration. From the point of view of experimental verifica-
tion, the comparison must necessarily be between some form of clonal selec-
tion theory on the one hand, and those theories which confer a potentiality
to develop any pattern of immunological activity on any physiologically
suitable cell, on the other.
The essence of a clonal selection theory is that a population of im-
munologically significant cells from a normal animal can be divided into
subpopulations which differ in their specific immunological reactivity. A
formulation in terms of clonal selection could take several different forms:
i) the original form in which each cell or clone carried one or at most
two random patterns. A very large number of individual clones must be
postulated,
ii) a larger number of patterns, still arising at random on each clone.
This requires more ad hoc assumptions but can reduce greatly the number
of clones required.!
iii) a more or less determinate distribution of specific patterns as part of
the process of differentiation.
The essential feature of all these variants of the theory is that cells or
clones from normal animals have only a limited number of preadapted
potential reactivities in terms of specific immunological pattern.
The instructive or subcellular selective theories all assume that a poten-
tially competent cell may, by appropriate contact with antigen, take on any
one of a virtually unlimited number of immunological patterns and that all
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such cells are immunologically equivalent. In the normal animal such cells
can be regarded as having no specificity until they have had contact with an
antigen.
Superficially considered, the production of foci on the CAM is most
simply interpreted on the basis of a clonal selection theory of immunity."
In previous discussions' it has been suggested that each grown chicken has,
in its blood, lymphocytes preadapted to react with all potential antigens
which are not present in its own cells and fluids. On contact with a CAM in
which a "foreign" antigen is present, any cell preadapted to react with that
antigen will, if other conditions are propitious, be stimulated to proliferate
and to induce associated proliferation of host cells.
Points raised in favour of this were (i) the fact that normal cells were
concerned, (ii) the early initiation of the lesion indicates that there is a
rapid "recognition" of the presence or absence of a foreign antigenic
determinant, (iii) the small proportion of cells actually initiating a lesion.
On the other hand, there are several observations which are not easily
fitted into such a picture and point rather to a lack of specific preadaptation
in the initiating cells. These include the following findings:
1) The number of large lymphocytes per focus can be considerably lower
than is consistent with a random distribution of all possible immune re-
activities.
2) There is no larger number of foci produced on membranes differing
presumably by many antigenic components from the leucocyte-donor than
on membranes differing only by one antigen.
3) Passage of competent cells through an embryo results in a change in
their postulated specific reactivity.
The problem presented then is to determine which of the two main
alternatives is the most satisfactory to cover the facts and if one can be
chosen what modifications are necessary. Modern immunological discussion
tends to be based on two axioms: i) Crick's dogma that genetic informa-
tion is expressed in specific protein structure by a process moving from
DNA to RNA to protein-not in any other sequence, and ii) a normal
animal can develop no immunological reactivity against components present
in the "accessible" regions of its own structure. Not-self is differentiated
from self by its ability to provoke an immunological response.
The first axiom demands some form of elective theory but does not ex-
clude the limiting form of the subcellular selection hypothesis by which a
cell can be stimulated by any antigen to make the corresponding antibody
or develop specific reactivity against it.
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We are driven therefore to start the discussion from the angle of self-
recognition. The immunogenetic results are perfectly clear. Cells from a
bird of genotype AA will produce no foci on CAM's of AA embryos, but a
full quota of foci on AC or CC membranes. By pretreatment in the embry-
onic stage, an AA chicken can be rendered tolerant to CC cells and its
leucocytes can now produce no foci on either AA or CC membranes but
the normal number on an AB membrane.
It is clear that the population of cells put on the membrane in one way
or another carries the information allowing it to distinguish whether the
CAM contains only antigens with which the organism has been in contact
during embryonic life or whether a foreign antigenic determinant is present.
The demonstration of acquired tolerance eliminates the alternative state-
ment that the cell can recognise genetic similarity unrelated to antigenic
structure.
On clonal selection theory any cells which could react with self antigens
have been eliminated. Among the remainder there are cells preadapted to
react with any histocompatibility antigen not present in the donor. It is
from such cells that the foci are initiated.
If we reject clonal selection, the alternative possibilities are:
1) The reactive cells are there in virtue of their having acquired
the capacity to react with foreign (but related) histocompatibility anti-
gens by some determinate process, not by a purely random distribution
of all possible patterns.
If we adopt any form of subcellular selection theory we must assume
that any receptors on cells which could react with self-components are
either absent or blocked at the relevant time while a receptor capable
of reacting with the foreign antigenic determinant is present and func-
tional. These requirements could conceivably be fulfilled in such a way
as to allow any functionally active lymphoid cell to react with a large
variety of foreign antigenic determinants.
3)A third possibility has been raised in discussion, viz. whether
the recognition process may not be something of a non-immunological
character. If the donor cell is genetically distinct it may encounter a
cell surface which has an irritant quality that would be absent if donor
cell and CAM cell were genetically equivalent. Multiplication of the cell
takes place and at some stage specific immune activity is developed
against the foreign antigen which is fortuitously present. In some way
the cell can recognise in a positive fashion that it is on "self-territory";
anything other than self-territory has a nonspecific irritant action. The
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implication is that there is a recognition in the sense that some pattern
carried by the donor cell meets and reacts with another complementary
pattern carried only by cells of precisely similar genotype to that of
the donor. This is basically similar to the self-marker hypothesis of Bur-
net and Fenner1' and gives rise to the same objections as led to our
disuse of the concept. It seems most likely that any self-marker capable
of changing with every minor antigenic change could be anything other
than the histocompatibility pattern itself.
Another possibility which differs only slightly from the first is that all
physiologically appropriate cells start proliferating-as soon as they implant
on the CAM but only those which can develop an immunological response
to any antigens which can be recognised as foreign will initiate a focus.
Here the only gain is to provide a slightly more generous time scale for the
initiating process. The need for recognition of the antigen as foreign
persists.
The existence of acquired immune tolerance rendering the donor's cells
nonreactive on what would genetically be an appropriate CAM for lesion
formation cannot be interpreted except along immunological lines. Surely,
other genetic qualities of the cells cannot have altered. In addition the
evidence is adequate that the difference between donor cell and host is
qualitatively the same as the difference responsible for homograft reactions
to skin transplants.
We can only conclude that the phenomenon of recognition shown in the
experiments with inbred chickens is immunologically based and demands
that in the cells responsible for the initiation of foci there are preadapted
patterns complementary to the histocompatibility antigens by which the host
CAM differs from the donor. A selection theory is required in one form
or another-the question is what form it should take, clonal or subcellular?
In all discussions of clonal selection theory, it has been emphasized that
the special virtue of the simple form of the theory was that it could be ex-
perimentally disproved. While it might be possible to devise ad hoc reasons
by which the difficulties encountered in fitting the Simonsen reaction into
the pattern might be overcome, the overall picture indicates that a straight-
forward clonal selection theory does not give an acceptable interpretation
of the phenomena.
To account for the relatively small number of large lymphocytes per
specific focus would demand a non-random distribution of patterns amongst
the cell population. The fact that there is no clear increase in the number of
foci on embryos differing by several antigenic factors over the number on
embryos differing from the donor by only one factor, requires some rather
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special pleading for its explanation on the assumption that a subpopulation
of competent cells is available for each antigenic determinant. Finally the
change in specificity of competent cells in the course of proliferation on
passage indicates at least that any immunological pattern initially carried is
highly labile. The first of these three difficulties is probably the most im-
portant one. It necessitates the assumption of an undue frequency of
receptor patterns corresponding to the histocompatibility antigens of closely
related stocks of the same species. It is possible that future study of the
processes of morphological homeostasise may give a reason why this should
be so but at present there is no such justification.
Even if we can still contend that no "instructive" theory of immunity has
been able to interpret the non-antigenicity of self components, we are never-
theless left with the conclusion that any process of cellular selection must be
much more labile and complex than that put forward in 1959 if it is to
account for the specific qualities of the Simonsen phenomenon on the CAM
of the chick embryo.
Clearly it will not be possible to provide a new formulation until more
data are available The most desirable approach would be to find a way by
which large lymphocytes could be cloned in zitro by Puck's technique with-
out loss of their immunological potentialities. Present indications are that
this will prove impossible but the difficulties may well turn out to be merely
technical ones. It would be premature to state alternative ways of accounting
for the apparent excess of effective cells in Szenberg and Warner's experi-
ments, until the possibility of a determinate distribution of patterns in the
lymphoid cells can be excluded. If we are driven to the conclusion that
individual cells must have a large number of different potential patterns
of immunological reactivity we must still hold that "recognition" is logically
inconceivable without a means of comparing a pattern from outside with
another pattern held in an internal store. There are two ways by which
the store of information carried by a cell could attain the necessary amount.
i) by a rapid sequence of changing patterns only a small number of which
are present at any given moment,
ii) by the accumulation of large numbers of receptors or recognition
units in the cell.
Whether either of these hypotheses opens up an opportunity for experi-
mental test is a problem for the future.
CONCLUSION
The Simonsen reaction provides us with a model system with the almost
unique advantage of allowing an assessment of the immunological reactivity
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of single lymphoid cells. The investigations carried out in our laboratory
which I have reviewed in the present paper indicate that,
1) Individual cells are capable of "recognising" the presence of a foreign
antigen.
2) Quantitative results are inconsistent with this recognition being the
prerequisite only of a small proportion of cells preadapted, by some random
process, to react with any foreign antigenic determinants present in the
embryonic host.
The problem of the recognition of "being foreign" by the normal lymphoid
cells of the vertebrate organism still remains the major difficulty of im-
munological theory. The clonal selection theory was devised primarily in
an attempt to resolve the difficulty but the results of the Simonsen reaction
studies show that if the theory is to account for primary immune responses
it must be reformulated in some more sophisticated form.
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